This paper reports a modification of the chromodomain helicase DNA binding protein (CHD) method for sex identification in the Japanese Crested Ibis, Nipponia nippon. In this modification, we employed a restriction enzyme, MboII, instead of HaeIII that was used in the original method. The use of MboII gave similar results to those found with HaeIII. The reliability of the modified method was confirmed by applying both methods to adult ibises of known sex and also by sequencing amplified nucleotides from adult birds and chicks. We used the modified method to sex three chicks obtained from a pair of Japanese Crested Ibises from China that was presented by the Chinese government. In addition, we have shown that the embryonic tissue, mainly blood vessels, left in the eggshell after hatch can be a good source of DNA for sexing.
Introduction
The Japanese
Crested Ibis is an endangered species in Asia. Only 5 individuals survived in the wild in 1981, and today there is only an old female in captivity and no ibises in the wild in Japan.
In China, only 7 birds survived in two nests at a small mountain village in Shaanxi Province in 1983. However, this population had increased to about 70 wild and about 100 captive individuals by 1999. The last observations of wild individuals of this species in Korea and a part of Siberia were reported in 1978 and 1981 respectively, and this species may be in extinct in these areas (Ishii 1999 , Wingfield et al. 2000 .
Recently, the Chinese government gifted an adult pair of the captive population to the Emperor of Japan and this pair has produced three chicks, one in 1999 and two in 2000 at the Sado Ibis Preservation Center, Niigata-ken, Japan.
During the breeding trials of this pair in Japan, we were interested in knowing the sex of newly hatched chicks and attempted to apply the conventional CHD method for sexing.
The method has been successfully applied to a variety of avian species (e. g. Domestic Fowl, Great Tit, Spix's Macaw, Marsh Harrier and African Marsh Warbler) and is based on the presence of two partially different CHD genes in the female, one localized on the Z chromosome and the other on the W chromosome (reported for the Domestic Fowl by Griffiths and Korn 1997) . A certain part of these two genes is amplified using the polymerase chain reaction (PCR) and the PCR product is subjected to digestion with a Motoshi Kikuchi and Susumu Ishii restriction enzyme that can digest the amplified part of the W-linked CHD gene but not that of the Z-linked gene.
In this communication, we report details of our method that was partially revised from the original CHD method (Grifiths and Korn 1997), together with results of the sexing of Japanese Crested Ibises by the revised method. In addition, sequences of the amplified portion of the CHD genes of the Japanese Crested Ibis are reported.
Materials and Methods

Animals
Four adult female Japanese ibises of Japanese origin (named Ki, Aka, Shiro and Ao), 2) For Midori, some frozen kidney tissue was used as the source of genomic DNA.
This bird died in 1995 and its tissues including the kidney were preserved in liquid nitrogen. About 20mg of the frozen kidney tissue was treated by using a commercial kit (GenomicPrep, Amersham Pharmacia Biotech, USA) according to the instruction ance at 260nm.
3) For two Chinese adults (Yoh-yoh and Yang-yang) and a chick (Yu-yu), feathers were picked off from the breast and cells attached to feather bulbs were used. Each feather genomic DNA was prepared as same as in 1). 4) For all the chicks (Yu-yu, Shin-shin and Ai-ai), embryonic tissue remaining on the inside wall of the eggshell was collected after hatch. Tissue from Yu-yu was collected and Ai-ai were collected immediately after hatching. About 20mg of tissue (mainly blood vessels with blood cells) was excised and treated with GenomicPrep as described in 2).
PCR amplification of a particular portion of the CHD genes
We employed the P1 and P2 primers described by Grifiths et al. (1996) to amplify a 
Results
Nucleotide sequences of PCR products
Adult individuals of Japanese origin: Eight clones were isolated from a PCR product of Midori (adult male of the Japanese origin). All of them had a common sequence (M1) as shown in Fig. 1 . On the other hand, three different sequences referred to as F1, F2 and F3 were found in 8 clones isolated from a PCR product of Aka (adult female of the Japanese origin). The number of clones possessing each of these sequences was 1, 3 and 4, respectively. The sequence of F1 was completely identical to that of M1.
Adult individuals of Chinese origin: All the 8 clones isolated from the PCR product (Midori) and four adult females (Ki, Aka, Shiro and Ao) were subjected to digestion with MboII. The product of the male (Midori) was largely digested with this enzyme (Fig. 2a ),
whereas the products of the females (Ki, Aka, Shiro and Ao) were only partially digested and a significant amount of the product remained undigested.
In the second trial, adults of known sex and a chick of unknown sex were used. In this trial, a PCR product of a chick hatched in 1999 and PCR products of its parents (Chinese origin), a male (Midori) and a female (Aka) were tested with MboII. The products from the females (Aka and Yang-yang) were partially digested and a significant amount remained undigested, while all the products of the chick (Yu-yu) and both males (Midori and Yoh-yoh) were digested extensively although a slight amount remained undigested (Fig. 2b) in this series (Fig. 5a ). PCR products of Yu-yu and Shin-shin were also completely sequences that were identical to M1 (or F1) and F2, respectively. None of the chicks had the F3 type sequence. 
Discussion
Nucleotide sequence data in both adult birds and chicks showed that some individuals (Midori, Yu-yu and Shin-shin) had a single type sequence, while the other individuals had sequences of two types (Yang-yang and Ai-ai) or even more (Aka). The presence of the third type sequence in the Japanese female, Aka, is difficult to interpret, although a possibility of contamination of DNA from other avian species was considered. In addition, the absence of the third type sequence in one (Shiro) of the other Japanese females was demonstrated by the enzyme digestion experiment. We may assume that cells of some avian species were contaminated in the preserved cells of Aka or Aka was unique.
The sequences referred to as M1 and F2 may be considered to be a part of the Z-linked and W-linked CHD genes, respectively, because the former existed in both sexes and the latter only in the female. These sequence data also suggest that Yu-yu and Shin-shin are male and that Ai-ai is female. In addition, we have demonstrated that the fresh shell of the egg is a good source of DNA for sexing using the CHD genes. Recently, Nota and Takenaka (1999) reported that feces of some birds can be used as a source of DNA for the sexing, although their results were not so stable. Our method as well as theirs may provide a useful tool for non-invasive sexing of feral birds. We have also found that the DNA extracted from the shell can be used for genetic analyses using the randomly amplified polymorphic DNA 
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